ABSTRACT
L
ewy body dementia (LBD) is often regarded as the second most common dementia in older individuals after Alzheimer disease, 1, 2 possibly sharing the second place with vascular dementia. 3 Clinical symptoms of LBD are similar to those of Parkinson disease (PD) dementia and include fluctuating cognitive decline, recurrent visual hallucinations, and parkinsonism. 2, 4 LBD and PD dementia are separated by the arbitrary 1-year rule: If dementia exists within 12 months of parkinsonism, the patient is classified as having LBD. 2, 4 More than 12 months of parkinsonism before the onset of dementia is termed "PD dementia." 2, 4 Differential diagnostics between LBD and Alzheimer disease (AD) can be difficult, with both clinical and pathologic overlap. 2, 5, 6 LBD distinguishes itself from AD on MR imaging by having a lesser degree of generalized atrophy and commonly sparing or having less severe atrophy of the medial temporal lobes. 6 Besides the loss of atrophy, which in itself is nonspecific, no accurate MR imaging signs for the distinction of LBD and other neurodegenerative diagnoses exist. Functional imaging is useful in diagnostic differentiation and typically shows reduced perfusion and glucose metabolism in an AD-like pattern, sparing the medial temporal lobes, with additional involvement of the occipital regions. [6] [7] [8] [9] Dopaminergic transporter imaging with SPECT is another reliable method of differentiation, with less binding in the striatum suggesting LBD. 6 In recent years, MR imaging of the substantia nigra has shown great promise as a diagnostic tool in Parkinson disease. [10] [11] [12] [13] [14] Pathophysiologically, PD is characterized by loss of pigmented dopaminergic neurons of the substantia nigra pars compacta; 60%-80% of neurons are lost even before manifestation of motor symptoms. 15 Clusters of dopamine-containing neurons in calbindin-poor zones in the substantia nigra are termed nigrosomes. 16 Nigrosome 1, located in the caudal and posterolateral part of the substantia nigra pars compacta, is the largest dopamine-containing cluster and is mostly affected by PD. 17 Recently, nigrosome 1 has been described as hyperintense on iron-sensitive SWI sequences, 14 resembling a swallow tail. 11 The presence of a swallow tail sign has been shown to be sensitive and specific and has a high negative predictive value in PD on 3T MR imaging, 11 but its clinical applicability in LBD warrants further investigation.
Due to the similarity in pathophysiology of PD and LBD, the swallow tail sign should be of diagnostic value even in LBD. 18 We aimed to determine the clinical applicability of the swallow tail sign in a memory clinic population with a focus on LBD.
MATERIALS AND METHODS

Patients
This study received institutional review board approval. Informed consent was obtained from each patient or a legal guardian in case of severe dementia, according to the Declaration of Helsinki. This was a retrospective multicenter cross-sectional study with patient recruitment from memory clinics at the Karolinska, Uppsala, and Lund University Hospitals. All patients were recruited at initial work-up of their disease, and the MR imaging brain scan was obtained concomitantly as part of the memory investigation. Inclusion criteria were the presence of SWI sequences, a diagnosis of subjective cognitive impairment (used as controls), LBD, frontotemporal lobe dementia (FTD), AD, or mild cognitive impairment (MCI). The exclusion criterion was insufficient scan quality. We aimed to have around 20 patients per diagnostic group and recruited the total amount of consecutive patients with SWI from each center (n ϭ 100). Three patients were excluded because of insufficient scan quality due to motion artifacts. In total, we included 97 patients: subjective cognitive impairment (controls) (n ϭ 21), LBD (n ϭ 19), FTD (n ϭ 20), AD (n ϭ 20), and MCI (n ϭ 17).
Patient demographics are detailed in Table 1 . Patients with LBD were recruited from all 3 sites; those with FTD, from Uppsala University Hospital; and the remaining patients, from the Karolinska University Hospital. 19 All patients had their diagnosis set according to the International Classification of Diseases-10, the clinically used classification criteria in our country. Diagnosis was determined in multidisciplinary rounds, with consideration of all data (clinical, lab, imaging, and neuropsychological) after a thorough memory clinic investigation. CSF analysis was performed as previously described 20 on a subgroup of 56 patients and is seen in Table 1 .
MR Imaging and Image Assessment
All patients were scanned with full MR imaging protocols, including an SWI sequence (VenBOLD; Philips Healthcare, Best, the Netherlands) on 1.5 and 3T scanners; parameters and distribution across scanners are included in Table 2 . Patients were assigned to the different scanners on the basis of clinical availability; the proportions of patients scanned at 3T were the following: LBD, n ϭ 15, 74%; AD, n ϭ 7, 35%; MCI, n ϭ 10, 59%; FTD, n ϭ 13, 65%; and controls, n ϭ 9, 43%.
Images were assessed by 2 neuroradiologists (S.H. with 16 years of experience, and S. Schwarz with 9 years of experience). Ratings were performed independently and blinded to diagnosis and the other raters' assessments. One month after independent ratings, a consensus rating, blinded to diagnosis, was performed between the 2 initial raters in conjunction with a third neuroradiologist (E.-M.L with 30 years of experience). The swallow tail sign was rated on an ordinal scale with 5 increments: 0 ϭ unsure, 1 ϭ definitely normal, 2 ϭ probably normal, 3 ϭ probably abnormal, 4 ϭ definitely abnormal. For statistical analysis, the results were dichotomized into normal (ratings 1 and 2) and abnormal (ratings 3 and 4). Raters looked at the nigrosome 1 appearance, located in the posterior third part of the substantia nigra, resembling a swallow tail (Figs 1 and 2 ). 11 Cases with unilateral abnormal findings were considered abnormal. Figures 1 and 2 depict the swallow tail sign.
Statistical Analysis
Descriptive data are presented as numbers and percentages. Rating increments for the swallow tail sign were dichotomized into normal (ratings 1 and 2) and abnormal (ratings 3 and 4). Sensitivity, specificity, negative and positive predictive values, and accuracy were calculated. 2 and Fischer exact tests were used for categoric data. Binary logistic regression analysis was used to see whether ratings could predict diagnosis. Diagnosis was set as the dependent variable with the controls as a reference. Rating was dichotomized into normal and abnormal and used as an independent variable. The regression model was controlled for field strength and section thickness (by adding them as covariates in our model). SPSS, Version 22.0 (IBM, Armonk, New York) was used for statistical analysis, and P Ͻ .05 was set as the threshold of significance, equaling a corrected level of 0.033 after adjustment for the false discovery rate according to the Benjamini-Hochberg procedure.
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RESULTS
The between raters was 0.4, equaling a moderate agreement, on all scans, as well as on only 1.5T and 3T scans. Table  3 shows the distribution of ratings across raters and diagnoses. The distribution of normal and abnormal swallow tail signs varied significantly across diagnoses (P Ͻ .001) ( Table 3) , and nonsignificantly across different MR imaging scanners (P ϭ .138) for both raters. An abnormal swallow tail sign was significantly more common in LBD than in all other diagnoses (P Ͻ .001). The swallow tail sign was abnormal on 1.5 and 3T on consensus rating in the following: controls, 10% (95% CI 0%-23%); LBD, 63% (95% CI, 41%-85%); FTD, 35% (95% CI, 14%-56%); AD, 25% (95% CI, 6%-44%); and MCI, 6% (95% CI, 0%-12%) (Table 3) . For rater 1, two patients (2%) had only one of their nigrosomes rated as abnormal, resulting in an abnormal case; the rest of the nigrosomes were bilaterally the same. For rater 2, the corresponding number was 3 (3%) patients. The cases mentioned were not the same for the raters. Table 4 shows sensitivity, specificity, positive predictive value, negative predictive value, and accuracies across raters and field strengths for LBD. The highest sensitivity and negative predictive value were descriptively obtained by rater 2 on 3T (Table 4) . Similar values for AD, MCI, and FTD are seen in the On-line Table, showing that the swallow tail sign is only applicable in LBD. In binary logistic regression analysis, controlled for field strength and section thickness, the odds of having LBD with an abnormal swallow tail sign were significant; the swallow tail sign had no predictive value (ie, it was insignificant, in the other diagnoses; Table 5 ).
When comparing the number of abnormal swallow tail signs on 1.5-and 1.6-mm section thicknesses versus 2.0-mm, abnormal swallow tail signs were more frequently seen on 1.5-and 1.6-mm section thicknesses (P ϭ .03). Similarly, descriptively, sensitivity, specificity, positive predictive values, and accuracy were higher with 1.5-and 1.6-mm section thicknesses (Table 4) .
DISCUSSION
Considering that no other MR imaging markers for LBD exist, the swallow tail sign may be a useful complement in the diagnosis of LBD. A normal swallow tail sign has a high negative predictive value for exclusion of an LBD diagnosis. However, because 37% of patients with LBD had a normal swallow tail sign, the sign does not qualify as the sole diagnostic test. Accuracy and sensitivity increase with optimized imaging techniques.
To date, the swallow tail sign has mainly been studied in PD. An abnormal swallow tail sign has been shown to be a useful marker in PD with a 100% sensitivity and negative predictive value, 95% specificity, and 69% positive predictive value. 11 The swallow tail sign has not been shown to discriminate typical and atypical PD. 22 In LBD, the sensitivity and negative predictive value on 3T SWI has been shown to be 93%, with a 87% specificity and positive predictive value. 23 No studies exist examining the swallow tail sign in PD dementia. The lower positive predictive value and specificity, as reflected in our study, shows that the swallow tail sign may be abnormal even in other diseases and healthy individuals. However, values may be improved with optimized imaging sequences and techniques.
All our patients were included and had an MR imaging brain scan during their diagnostic work-up. The patients with LBD could thus be considered in their early stages of disease. Thus, this may explain the number of patients rated with a normal swallow tail sign. A similar study with patients in later stages of disease would have been of interest, to see whether results differ. Furthermore, abnormal swallow tail signs were seen in a range of diagnoses, such as in AD and FTD. No study has assessed the distribution and associations of an abnormal swallow tail sign in a large-scale or prospectively acquired memory clinic cohort, to our knowledge. The reason for an abnormal swallow tail sign is not fully known and may be multifactorial. It may represent dopaminergic neuronal loss, neuromelanin loss, or a change in iron storage and oxidation. 11, 14, 24 As the hyperintense feature of the nigrosome 1 decreases, the surrounding hypointensity may increase; this change reduces the demarcation of the nigrosome 1. It would be interesting to see whether dementia-related gait changes, especially because they are more common in dementia than healthy aging, 25 are associated with an abnormal swallow tail sign. An abnormal swallow tail sign across dementia diagnoses may also suggest a large overlap in the pathophysiology of cognitive impairment.
Our results demonstrate interindividual variation in the assessment of the swallow tail sign. Despite the use of experienced neuroradiologists, our interrater agreement was moderate, and our interrater variability equals that of another study of swallow tail assessment in PD. 22 Consensus ratings resulted in values between both initial ratings. Rater 2 more readily called the swallow tail sign abnormal and, consequently, had a higher sensitivity, at the price of a lower specificity, for LBD. Meanwhile consensus ratings were closer to those of rater 1, showing that rating of the swallow tail sign in a clinical setting is difficult. While the rating was clear and distinct between normal and abnormal in most cases, a substantial portion of patients had less clear findings. This outcome allows individual interpretation of when to call the swallow tail sign abnormal and reflects the challenge of assessing the swallow tail sign and using it as a diagnostic test. Adding to the difficulty of rating and probably lowering our agreement is the inclusion of different MR imaging scanners, field strengths, and section thicknesses in our study. However, this also contributes to our study being more clinically generalizable. Rating of the swallow tail sign, the only MR imaging marker with potential diagnostic value in LBD, should therefore be improved, to increase clinical utility and reliability. We suggest optimizing MR imaging parameters of SWI, including high spatial resolution and high contrast, which should be standardized across MR imaging scanners. Interrater agreement and rating reliability may further be increased with established rating scales, 11 such as the one in Fig 1. Field strength is of importance for the clinical applicability of the swallow tail sign. Accuracy has been shown to be higher at 7T, decreasing with 3T. 26 In our cohort, we included both 1.5 and 3T scans, and sensitivity, specificity, positive predictive value, and accuracy for LBD were higher on 3T. Nevertheless, even at 1.5T, the assessment of the swallow tail provided significant information for the diagnosis of LBD. In the absence of other established imaging findings, we argue that though ideally performed at 3T, assessment of the swallow tail sign at 1.5T may still provide added clinical value. Similarly, a thinner section thickness resulted in higher sensitivity for LBD and should be implemented for clinical imaging. Limitations in our study include the use of multiple scanners and 1.5 and 3T field strengths. However, we performed our statistical analysis subdivided for the different field strengths, and the use of multiple scanners may better reflect the clinical reality. Besides, section thickness and field strength were both corrected for in our regression model. Including the pretest probability of the diagnoses included in our study would have added further insight into the diagnostic use of the swallow tail sign. It would also have increased the external validity of our study, because positive and negative predictive values are influenced by the prevalence of diseases in the population. Subjective cognitive impairment was used as a control group, and to date, clinical methods of detecting whether these individuals may have prodromal disease are scarce. "Subjective cognitive impairment" means patients with no observable clinical or pathologic findings, but with subjective feelings of cognitive decline. Thus, no disease was detected, but using healthy elderly as controls would have provided a cleaner control group. Strengths include a large and well-classified cohort and the use of experienced raters.
CONCLUSIONS
The swallow tail sign may be a complement in the diagnosis of LBD but does not qualify as a sole diagnostic marker.
